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ADVANCE COIFINERTTAT, RVPORT

WIRD-TMMTL IIVESTTGATICHN OF A LOW-THAG
AIRFOIL SFCTIQ! WITE A DOUNIE “TOMMED FLAP

By Soymovr M. Boglonoff

SUMMARY

Toezte of & 1,209 cl'ord doulle-rlottod flap on an INACA
65,3-112, a = 1.0 aivfnil rection have Leen mudo in the HAC
two-dimenrional low-turiulcncs tenriel and tha NACA two-
dineneionel low-turbulcnco jressuro tunnel. The purpone of
the inveoirgntion was to dctermine tie 1ift, drar, rnd pitching-
monent charasterintics for o range of flap deficctliona. Ths
rerults iniicate that ths combinating ol a low-dog aisfell
and & doulle-slotted flnd of siich the tvo maris moved vm a
single unit gnve higheor maximm lift confficlents thon huve
been obtained with plein , eplit, or eletted flape on low-
drag aim'oiln, The waximum 1ift coelficients wero almost as
high es those obilalined on conventional eiyfoile of about ths
same thickmecs with N.LN.cnord vonetinn-blind cnd doudle-sglottsd
flrps. Ths pitching moments were coumparable to those obitained
with other high 1ift dovicer on conventionsl airfoile for
eimilar 1ift coef.iclonte.

IRTRODUCTICN

The FACA Las for some tine bean invsatigeting airfolls
equippod with Ligh 11f't dsvicos Tor ths purpuvce of fmproving
the perfor.ano charactsrintice off theso alifolla. Ths ruoults
o teats of low-drag aiviolls oquiprod with plain, oplit,
or slotted flaps “ave b~on proconted in retcrence 1. Ths
rocults of roforencss 2 and 3 rhow that, on convontionel air-
foils, thoe Lighesrt 1lifts buvo Teun obviainced with large-chord
vanotien-blind snd Adoublc-slotted lers. The prowcnt invos-
tigation wna mado to dotexrmino the 1lif't, draz, and pitching-
momont charactorictice of a low-drasg airvfoil with a doublo-~
slotted Tlep at verious fleop defloctions. In addition, tho
gptimum roaition for maximm lift and tho flup path wore to

s found,




o

Yhe zirfoil section tected, cn IACA 65,3-118, a = 1.0 eection,
vas equinpe”. with a 0.309~chorc. double=yloited flep. The wing
200el, bailt of wood und reinforced with steel rods, had a 24=inch
chord el was palated miad s~adel to prodics asroiymemicully smooth
suxrtacea. The elifcoll ordinstes are presented in table I and a
ckestch o the mcdel i3 shown ir figure l. 4

The dondle-glotted flap wua made of aluainun and ocnsiated of
two partse 'io foavard portiom, designated the ifore flop, wes
seper_tol fron the muin pert, Cesignated the rear flep, by a
cocondary slote The ordinates for ihe fere flap end resr flap are
precented in tatle II. The dovble=slet ed flap operated as a aingle
unit, with no relative mction between the Jere flap mnl the reexr ilop.
Tae crerniing mechanicm .l ecnatruction wis sinllas to that of en
oriin=ry slotted flap. The long lower 1lip completely closed oll gepe
an”. 3lotu waen the 2:uble=slcttel flap wus retracted. The flep i
cxrongorent end pivos points are shown in figure L for the flep =~ |
retracted ans deflected 65°. The contour of the aixfoil cut-out may
te cobtainel by folliowing the flip outline slong the flep path.

[y .

TEST TTOCEIVEE: -

Tostz wers m:le clf' the mofel in the NACA two-dimensicnal low-
turtulence twinel eni the NACA twoedibwarionnl low=turbulence pressure -
tamele Section 1ir4 ooelliclents were cbteinod by measurement of the
1ift reaction on the fluer snd ceiling of the tumel, and zectiom
drug ocelfiolenta ware cbtainel by the wekeeawrvey mathod. Ne Arag
meacurerwnta were mndo Zir flap doflactions Up above 35° because
of considerable spenmwise variation of Srage FPliching-moment coeffi-.
cxents opy/y Wole ueazured by semar of a ¢.dibdrated torque rod and

vere taken nbout the quarterschord point of the uirfeile. i3
At the time thlis report wa:s originally pudlished, some of the

coxrrections required foo refucing the test data to free~alyr conditions
hac not been deteiminel. The valuea oi' eecticn Lift eocefZfieient oy

(figa« 2 to 5) should bo eorrected by the equation

“Y(ccrrectee) 0.9650, * 0'033“’1%--19 i
vaers ¢y .. 18 ‘ho wmacorrected section lift coelfiolent 2t section

angle of atiack of -1%.




Ireliminasy tesis wero mado to dctormine the bect positicn of
the fure flup relative to tho reur lap ca the brsin of A .xirum
goction 1ifi coofficient o cbtainod ot o MDap dolleatinng

of 657, This survey of fore=-{lap vosition wan linited to thoveo
poultions at whican the flup covid be retracted without having tho
rore flup proetrude dboyond the 'rloill swrfuces. Tho roar "lap mad
Yore 11ap wero then fixed i tho bout rolatlve poeltlon «ad the
procolure wns repouted for ihs unite Tho flap path was so ciosen
that, at L5° defloction, the flon was in a positicn et vhich both
£luta woro offuctive and, at 65° deflecticn, tho {1l4p waa In o
position at which maximur Lif't w.s »cached. Oneo pilvet point waa
usod for flsp deflectione wp te h5°; whereas onothor pivot point
¥an usod for deflectiuviy frem 45° to 657, (See fig. 1.)

Lif%, drag, and piichlng moucnta were cbtalned for flep
doiloctions ranglng from 0?7 to 65°., Lift end drog Asta wore cbtainod
at n Keynolds imwmber of 6,000,000 ané pitchilag=mmest data wexo
cbtained at & Royaolds mumber of %,5%0,C00. Gcule orfoct on meximin
11f't va3 found for a rango of Re; 9lds uumbors fiom b ,000,000
to 9,000,000.

TESLTS AND TIOCUSIION

Tho remlis of the flap~positi-n survey of tlie donbtle=slotied
flap Jor the flep poaition that would give meximm }ift aro prescntod
in figure 2. Section 1lift characterlstics for tho corbination with
the flep doflocted through a rurge of angles Irom 0”7 to 63% are
proaonied in figure 3 for a Reynolda muiber ol agprurximrtody 6,.}"0,0(;'\.
Th»s maxirmm gestien 1ift coefficlont cbtnined was 3.0 ot a flun
deTlocticn of 65°, at which =n 1noreiwnt In maximum 11ft ccofisient
of ebwwt 1.79 wna obtalncds Compluto data f'or only cne d@outle-
olottod 1lap arc prosented, ut previous unpublished teuts huvo
thown that a decroanme in chord of tho fore flap gove a Geere1de In
tho maxirmun 1ift obtsinablne The acale oficc: on maylmm 1ilt coelfl-
ciont waa found to bo nogliglble ovar the rrage of reynelds nvubors
tected, The small Joga in tho 1ift curves, which anpoar for the 0
ani 10° Llap defloetions, do not oceny at the aighor deflocticns.

Section dragz characterlstics for the cemdinuztion fexr £lap
dofloctions from 0° o 35° are presented iu flgure 4, Thene teats
wore run at a Roynclds numbor of &pproximatcly 6,000,000. Fer iho
Tlzp rotractod and doflected 10°, Tairly low drag coofflcicnts are
oblainublo over a rango of 11t ceoiflcieats from ahout =0.2 Lo 0.8,
which includes tho normal high-apeod and cruluing-flicht conditions,
The relativoly low drig cbtained Tor the 35° deflection 13 probubly




Trelim'nacy tosis woro mado t¢ detorains the bect poalticn of
tho Ture flap relative to (ro rour lap ca the basin of n-xirpus
goction 1ify coefficient clm ¢btained ot f2ap doTlecstinn

of 65, This survey of fore-llap vositicn wan lirdted to those
rositiona at whicin the (lxp conid be retracted without having the
fore flap protrude boyonl the ~'rlioill mufucee The rear Tlap and
Tore Tlap wero then fixed 4u the bout relative pusliilon «ad the
procolure was ropoeuted for Lho uwnlte Tho 1lap path wus so ciinoen
that, at 45° doflectlon, the fl59 was in a positicn at vhich both
mluta wewe offuctive and, at 65° deflecticn, the Llup was in o
position at vhich maximaur 1if't w.z rcached. One plvet point was
usded foxr flap defloctionsc up te o 3 whereuan cnother pivolb point
was unod for dolflectivis Lrom b5° to 657, (See £1g. 1)

Lift, drag, and piiching mouenis were cbtalned for flep
delloctiora ranglug irom 0° to 65%°. Lift snd drng datn wore c¢btuined
at a Keynolds mumber of 6,000,000 an? pftchiag-moms:t data were
cbtalnod at & Reyavlds mumber of %,%C0,000. Gcule cifoct on meximan
1ift was found for & rango of Re; »lds mbers from b ,000,000
te 9,000,000.

FESULYS AI'D ™10 USSION

The rosults of' ths flap=position survey of tlo donlle-sluttrd
Tlap lJor the flap position that would givo meximum )ift ave proscnted
in figwe 2. Section lift charactexistics for the combination with
the flep derlocted through & rergo of angloa Irom 07 to 63% are
prosented in figure 3 for a Reynolds mudber o1 approrimrtely 6,0('0,00'\.
The maxirum sestion lif't coefficlent obtrined was 3.40 at o flup
deTlection of G5°, at which aa iocretent in maximum 1ift ccollieclent
of ebuwt 179 wos obitained. Cemplote dnta for only cne double-
slotted Ilap arc proscnted, lut previous uapubliched tousts have
ghowa that a docreuno in cherd ol tho fore flep gave a decreasc in
the maxirum 1iCt cbtainablle. Tho scale offcci on muylmm 1lift coelfi-
clent was found to bo nepligible ovor the ronge of Eeynclde nyribers
tectods Tho snell Jogs in the lift curves, whlch anpoar Tor the Q0¥
and 10 [lap dofloctions, (o not ocour at the higher dsfloctiunc.

Sestion dreg characteristics for tho cembinution {or flap
dofloctions from 0° o 357 ars presmutod fu figure 4. Thune tests
were run at & Roynclds number of :poreximately 6,000,000. For the
flap rotractod ond doflectod 10°, falrly low drapg coofficicnts aro
obtainuble over a rmage of Jilt ccofficients from ahout =0.2 1o 0.8,
wiich Includes tho normal high-spoed and crul-ing-flight conditions.
Tho rolaitivoly low drig cbtained Tor the 35° deflection is probubly




due to tho establishment of smooth flow through tho mein elot.
At a flap deflection of 339, a eoction 1lift-drag of ayproximately
170 may be obtained at & 1ift coefficient of about 1l.v.

For defloctions above 350 no drug measuremente were taken,
but vimual observation of the wake-sirvey manoueter indiceted
thet tho drags wers not excessive. The high 1i7ts with com-
paratively low draga are the result of unstalled flows over tho
i{)ap, as wes indicated Ly tuft surve: s which showed no sepul'=
ation of the flow over the flap un t. = doflection of 659,

Sectien pitching-momont :haracicristics for the alrivolle
flap combiuetiou toi* all My dstlections tested are miescnted in
figure L. Alihousrh piliching-mouwent coefficlenta were meagurcd
at a Reyndlds rumber or 4,500,000, 1iltis chenge in these char-
acteriastice 1s excecled forr olhei Reynolds mumburs becaune
previous testa o~ glotted fln:3 on low-drag wings (releirvnco 1)
havo shown that, for 1ii'ts bolow maxiwum, ecels efrect on
pltching mewents is vory omall.

The doutle-slotted flep tosted gove m 1ift coefficient
higher tkan thoeo obtnined on the low-drag eirfoile with plain,
eplit, or slotted flapes reported in reference 1, The 0.309-
chord double-slotted flap tested on sr. 18-peicent-thick lew=
dreg airfoil gavo 1ifts almoat ar higa as tho 1ifts obtainod
on conventional 12- and 21-percen*-ithick eirfoile with O,40-
chord venstian blind and dcuble-slotted flaps (rcferencos 2
and 3). ‘The increment in meximum 11t wac 1.79 fo.r the low-
drag airfoil end approximately £.00 for the comentiousl sirfoils.
Vith tho I'lap retracted, tho double-glotted flap tested gave
Plain-wing section drag coefTicients without tre neecd of folding
doores to close geps and slots. The pitching momeate rhown in
figwe 5 are ef ubout the rame megnitude sp pitching momentes
obtained for the O,4C-chord venetian-blind and the double-
glotted flapes of referencos 2 and 3,

CONCLUSIONS
Fromz the results of the taste ¢ & 0,300-chord deuble~
slotted flap on en MACA 65,3-'13, a = 1,0 eirfoil, the

following conclusions vero roached:

1. Tho double-slotted flap teetol pavo 1ift coeffi-
cienta higher than those that havo been obtained an NACA




low-drag airfoile with plain, split, or slotted Tlap3 and did not
affect the low-Arag characteriniics of tho wing with the flep roirected.

4 Tho conmbination tested alio offorei laow Arng and modorte
1ift fer ihe crulsing condiiion wd Tilrly low dong and high 140t
for tako=off ~nu climb conditions.

Je Tho 1iit enefficloate cbtained with the 0.309~cherd divble-
slotted flap wene alne ¢ ud high -8 thouo obt:ined wath largor-chord
venstian-blind und double~clotted flaps on conveational zixfiila of
approximrtely tlo samo thickneas as tae lew-drag alrfoll teslod.

k. Tho hi;h 1ift coofliclen's obtained wlth the 0.309-ciacrd
double~slotiod T4 :p were azcommenied by hish viteling mumonts, which
wore comxr.bie lo thuse obiainod rith cthor high it devices
giving similor maxiaum 1%, . coef(i- ’.em:a;.

Langloy llemorinl Aeronautical Labor. tory,
National Adviscry Cormittoe Tcr aeronnutics,
Langley Field, Va.
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TABLE I
ORDINATES (R TI™ FACA 65,3-118, a = 1.0, AIRFOIL

- — e

[Shtion and ordiratis in percent of airfoil chord]

Uppor sa-~face ! Tove. surface

Btation ! (xdinato Station Or{.inate

) 0 0
1.348 o« -1,298
1.533 812 -1,553
" 05T L0320 -1.64%9
7.8% 2,579 -2,634
b 938 o 51,090 Q -672'
i.oue 7.594 -, 488
5,631 10.095 ~5.1A5
6,903 15,091 -5,23)
7.832 20,082 -7.030
8.s5h . 05,070 ~7.645
0.05h 30,053 -8.087
9.333 35,0kk
9.526 40,029
CR T k5,004
9.145 50,000
8.593 £k,c87
7.653 59,576
6.965 6k, 963
5.972 A9,963
%, a0h “h .61
3.728 ~, 963
2,651 84,068
1.582 80,77
G50 94,83

0 B R AR

Ioading edge radine = 1,92
Slope = 0,042




TABLE II
CRDINATES FCR A 0.309-CHCORD DOUBLE-SLOTTED YLAP ON

AN KACA 65,3-118, a = 1,0 AIRFOIL

|Stetlon and créinates in percent of pirfoil chord)

Torn flrp Rear flap

e

Staticen !, Uppar Loaer Stc.tion! Uppor
i awfaco purface | parsace

69.083 -3.175 75.553 | -1.2%0
865,104 -3,547 75.833
69.167 =247 ¢ T5.2730
€9.375 1,797 .10 T7.062
60.583 w1 o0 333 18175
¢ 000 " F 19167
T70.833 | A 38 81.2%0
72.083 5 O 83.332
T3.333 S 2 85.517
Tho583 87,50
75,208 & 1T 60,073
15433 > JE50 Ay 05,012
T6.458 7 2. P9% 100,000
76.875

8Refereance point for

1
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